. The one general characteristic of badlands, regardless of location, is the presence of intensely dissected landforms accompanied by steep slopes, rills, gullies, and frequently, extensive pipe or tunnel erosion (Fig. la, b, c, d ).
Badlands are often considered to be ideal Seid «labo-ratories» because their rapid formation allows close investigation of geomorphic processes (Bryan & Yair 1982) . However, badlands can also be seen as ideal areas for furthering understanding of the scale and impact of environmental change, a factor which generally lies at the origin of badland initiation. Badland development is either caused by land use change, such as land clearance due to agricultural development or due to overgrazing, or by natural events like tectonic activity or climatic change (Table 1) .
Badlands exist under different climatic conditions. Gallart et al. (2002) distinguishes between badlands in arid (precipitation <200 mm), semi-arid (precipitation 200-700 mm) and humid climates (precipitation >700 mm), each with a distinct set of processes, not least due to the differing presence of Vegetation. In arid climates which do not sustain Vegetation, geomorphic processes are controüed by bedrock and regolith properties, in semi-arid climates badland evolution confines plant growth by limiting water avaüabüity in thin regoliths, especially on south-facing slopes, while in badlands in humid climates, freezing rather than dryness, is important for plant growth (Gallart et al. 2002). which evolve rapidly, have steep rüled and gullied slopes, with mass movement as a main process on the side-slopes. Biancana, on the other hand, have gentler slopes with equally active surface and subsurface networks (pipes and subsurface cracks).They are characterised not only by rill erosion, but by mass movement and sheet wash as weü (Alexander 1982 (Battaglia et al. 2002; Torri & Bryan 1997) . Biancana Sediments also have a higher Na content (Alexander 1982; Battaglia et al. 2002) . Battaglia et al. (2002) found that although sweüing clay content is roughly the same in materials from both landforms, the weathering profiles differ greatly: while they are only a few centimetres thick on biancana, a thick weathered profile is characteristic of calanchi (Vittorini 1977 in Battaglia et al. 2002 (Campbell 1997) . In badland areas with two or more different lithologies, erosion rates, slope properties and processes differ. This particular phenomenon was highlighted in the description by Schumm (1956) Sirvent et al. 1997), frost action or snowmelt (Iasio et al. 2002; Pardini et al. 1995; Regues et al. 1995) .
Temporal changes can produce marked changes in surface characteristics, as described in Schumm & Lusby (1963) on annual rül formation and obliteration, and seasonal change of processes on the smectite-rich Mancos shale, Colorado, USA. During winter, freezing and thawing transforms the less permeable rüled surface into a highly permeable surface without rüls. During spring and summer, compaction of the surface, runoff increase and rüls re-establishment can be observed. Scoging (1982) observed significantly less erosion during winter than summer in the Ugjjar badlands in SE Spain due to short, but high intensity storms in summer months. It was also noted that the last summer rains flush out dry surface material, reducing the amount of material that is ready for transport by winter rainfalls.
Seasonal changes in material response have been observed by Regues et al. (1995) and Regues & Gallart (2004) regarding weathering and erosion in the mountainous Vallcebre Badlands of the SE Pyrenees, Spain. Both studies were based on antecedent moisture and bulk density measurements. Physical weathering was found to be strongest during the winter due to frost action; during summer and fall, the material is easüy removed and erosion is most active. As a consequence, it appears that the Vallcebre Badlands' materials are subject to alternating periods of erosional and weathering activity with conditions being described as stable in autumn and spring and transitional in summer and winter (Regues & Gallart 2004 (Churchill 1981) . In the Brule Formation
Badlands, South Dakota, USA, south-facing slopes, which are subjected to more intense wetting and drying, are significantly shorter, steeper and generally straighter in profile than their north-facing counterparts (Churchill 1981) . In contrast, the north-facing slopes are densely rilled with deeper regoliths due to deeper infiltration. In the Zin B adlands, Negev, Israel, north-facing slopes have rough, liehen covered surfaces with deep regoliths, while their south-facing counterparts are smoother with greater runoff rates (Yair et al. 1980) . Similarly, in the Dinosaur Park Badlands, Alberta, USA, north-facing slopes retain snow longer and have moister regoliths (Harty 1984 The properties of active clays change significantly due to weathering at or near the surface as they progressively become exposed (Faulkner et al. 2000; Finlayson et al. 1987) . As the crust develops, the physico-chemical properties of the material in the weathered layers change, thereby influencing the activity of the geomorphic processes. Alternation of wetting and drying cycles, presence of joints and fissures and dissolution-crystalü-zation of soluble minerals are the three main influences on mudrock weathering (Canton et al. 2001) . Wettingdrying cycles may cause compaction of the internal structure and there appears to be a significant difference in material response to precipitation depending on whether or not it is followed by freezing (during which more deterioration oecurs) (Pardini et al. 1995) .
The weathering profiles of mudrock in the Dinosaur Badlands Park, Alberta, Canada (Hodges & Bryan 1982) , marls from the Guadix Basin Badlands, Spain , mudrocks from the Chadron Formation, Utah, USA (Howard 1994) and mudrocks from the Zin Valley Badlands, Israel (Yair et al. 1980 (Imeson 1986; Schumm 1956 ). The «popcorn» surface can also form with repeated freezing-thawing cycles and expansion that oecurs due to ice crystal growth. Clay swelüng can also induce stronger alteration of mudrock than caused with wetting and drying (Pardini et al. 1995) . The «popcorn» surface has been identified in the Chadron formation, South Dakota, USA (Schumm 1956 ), Dinosaur Park Badlands, Alberta, Canada (Bryan et al. 1978) , Vaücebre Badlands, Spain (Regues et al. 1995) (Yair et al. 1980) . A similar crust developed on marls in badlands in SE Spain (Canton et al. 2001) This includes the transformation of the surface from its «popcorn» characteristic to a dense, Hat and compacted surface. Similarly, in Mediterranean climates, seasonal distribution of precipitation was found to be more important than the total amount of rain (Yaalon 1997 KasaninGrubin (2006) tested smectite-rich and smectite-poor lithologies by means of weathering experiments. Mudrock shards (average 1 x 1 x 0.5 cm) were placed in circular aluminium sample trays (radius 12.5 cm, depth 4 cm). They were subjeeted to 10 cycles of simulated rainfall at 45 mmh4 intensity with duration ranging from 10 to 60 min.
In the smectite-rich lithologies a marked difference in surface crust and desiccation crack development was noticed (Fig. 3a) .The shard structure with defined margins was maintained throughout the experiment under rainfall durations of 10 and 20 minutes. This could be due to shard swelüng potential being limited by water availability and the short duration of the wetting period. During drying cycles, minute cracks of < 1 mm in width often appeared on the shard surfaces. In contrast, the effect of water availability could be seen on the samples subjeeted to 50 and 60 minutes of rainfall. Here, maximum swelüng appeared after the first cycle of rainfall (Fig. 3a) (Bryan et al. 1978 ).
In the smectite-poor materials there was no apparent difference in samples as a result of rainfall duration (Kasanin-Grubin 2006) . When exposed to rainfall, smectite-poor shale shards broke apart after each drying cycle (Fig. 3b) . During repeated cycles of wetting and drying, large smectite-poor shards broke down into smaller shards due to differential swelüng of üüte and chlorite. Once they were reduced to tiny, flaky shards (0.5 cm x 0.2 cm), the surface became compacted. As indicated above, this process appears to be characteristic of Mancos shale in Utah (Fam & Dusseault 1998) .The Mancos shale decomposes after a few tens of hours with only slight sweüing into flaky shards (Howard 1997) . These materials are salt-rich and each time shards disintegrate they yield a yellowish liquid rieh in Na and Ca sulphates (Laronne 1981) .
If salt leaching does not oeeur, shard disintegration will not oeeur (Howard 1997) . The mixed-layer non swelüng clay minerals can cause pressure to increase under repeated wetting and drying conditions, possibly leading to brittle failure of material (Wust & McLane 2000) . Cracks that form during slaking promote further permeability and expose more rock surface to water (Sadisun et al. 2005 
